OBJECTIVES: To evaluate the efficacy and safety of the right vertical infra-axillary mini-incision (RVAI) used for the repair of simple congenital heart defects.
INTRODUCTION
Congenital heart surgery has constantly developed and matured since the first intracardiac repair of an atrial septal defect by Lewis and Varco in 1952 [1] . Although a median sternotomy was considered the routine approach for an open-heart operation, the scar was regarded as unsightly and displeasing, and may evoke psychological distress [2] , especially in young, female patients. Nowadays, increasing attention is paid to the cosmetic results of surgery. During the past decades, minimally invasive cardiac surgery techniques, such as a right posterolateral thoracotomy [2, 3] , right anterolateral (submammary) thoracotomy [4, 5] , partial sternotomy [6, 7] and right axillary transverse incision [1, 8] , have been increasingly used in both adult and paediatric patients.
In recent years, the right axillary straight incision approach has been employed for both paediatric and adult patients with simple congenital heart diseases in the First Affiliated Hospital of Anhui Medical University. In this study, we have compared the surgical and cosmetic results of median sternotomies with right vertical infra-axillary mini-incision (RVAI) approaches for simple congenital heart diseases.
MATERIALS AND METHODS

Patient selection
echocardiography, and were operated on by the same group of surgeons.
From February 2003 to October 2010, 52 patients underwent RVAIs. To balance the major prognostic factors, a 1:1 matchedpairs case-control methodology was designed for evaluating the efficacy and safety of the RVAI approach. For each patient in the RVAI group, one patient was selected from the 629 median sternotomy incision (MSI) patients of the same surgeons on the basis of a corresponding heart defect, the same year of surgery, body weight (for a child, the difference value was ≤2 kg; and for an adult, the difference value was ≤5 kg) and patching ( Table 1) . The pathology types of heart defects in either group included atrial septal defects (ASDs) (20 patients, 14 ostium secundum ASD and 6 sinus venosus ASD) ventricular septal defects (VSDs, 26 patients), partial atrioventricular septal defects (PAVSDs, 6 patients) and all the VSDs were perimembranous types. The median weight of the patients in both groups was 18.0 kg (range from 9.0 to 63.0 kg in the RVAI group, and range from 10.0 to 58.0 kg in the MSI one). There were 31 patients operated on through patching repair in each group.
Operative technique RVAI approach. After the induction of general anaesthesia, the patient was placed in the left lateral decubitus position with the right side elevated 45-60°, and the right arm was wrapped and suspended over the head. A vertical incision was made on the right midaxillary line skin from the second to the fifth ribs, and the length of the incision was 4-5 cm in children and 8-11 cm in adults. Two sternal retractors were used to gain a better exposure. The surgical route was generally through the fourth intercostal space.
The thymus was partially blunt dissected, and the pericardium was opened 1-2 cm parallel and anterior to the phrenic nerve. After heparinization, the ascending aorta was first cannulated, followed by both venae cavae, which were cannulated with a right-angled cannula. Cannulating of the superior vena cava was not in the right atrium but in the superior vena cava. The interatrial septum was incised in the fossa ovalis and a left ventricular vent was inserted via the incision. Under a mildly hypothermic (28-32°C) cardiopulmonary bypass (CPB), the ascending aorta was cross-clamped, and cardioplegia was achieved by infusing a cold crystalloid cardioplegic solution into the ascending aorta root. A right atriotomy was performed for the closure of the heart defect, and according to the size of the defect, closure was by direct suture or using a Dacron patch.
For the correction of sinus venosus atrial septal defects, a double-patch technique was used. The incision of the right atriotomy was extended to the superior vena cava (inclined to right side), and then the ASD was closed with a patch (the defect was expanded when necessary) and the right pulmonary vein was separated to the left atrium. An autologous pericardial patch was used to close the incision from the superior vena cava to the anterior wall of the right atrium.
For the correction of VSDs, the incision of the right atriotomy was extended to the auricula dextra. The interatrial septum was incised in the fossa ovalis and a left ventricular vent was inserted via the incision. If the defect was covered by tricuspidal tissue or was higher up with a prolapsus of the right coronary sinus of the aortic root, the tricuspid valve was opened by a vertical incision, which had to be evaded by chordae tendineae, from the edge of the septal leaflet to the edge of the tricuspid annulus (chordae tendineae and annulus must be remained complete). After the defect was repaired, the valve was sutured directly and in case of extreme tension, a triangular autologous pericardial patch was used for reconstructing the valve. In the case of accompaning with a mild aortic valve regurgitation, we tailored a same-sized patch as the defect to repair the VSD. After suturing the edge, the actual size of the patch was slightly smaller than the defect by about 2-3 mm and the prolapsed aortic valve and the right coronary sinus of the aortic root were a little raised. Consequently, the aortic valve regurgitation was reduced or disappeared.
After the air in the heart was eliminated and the cross-clamp was removed, the patient was rewarmed and CPB was discontinued gradually. A right pleural drain was inserted and the thorax closed in layers.
Median sternotomy incision approach. With the patient in the supine position, the heart was exposed through a classic midline sternotomy. The sternum was divided wholly and filled with wax to stop bleeding. Through aortic, inferior and superior vena caval cannulations, a mildly hypothermic CPB was instituted. After the defect closure was completed, a pericardial drain and a mediastinal drain were inserted, and the divided sternums were closed with non-absorbable sutures. The subcutaneous tissue and skin were sutured in layers.
All 104 patients, 23 ASDs (11 in RVAI, 12 in MSI) were repaired on the beating heart with sinus rhythm under mildly hypothermic CPB. With the ascending aorta and both venae cavae cannulated, CPB was established. To prevent air embolisms, a needle was inserted into the aortic root to facilitate perfusion and was aspirated with continuous negative pressure, and the patient was adjusted to the Trendelenburg position (10-20°head-down). With both venae cavae blocked, a right atriotomy was performed on the beating heart. At the same time, breathing support of the patient by mechanical ventilation was replaced by manual ventilation, which is handled by an anaesthetist. The respiratory rate was maintained at 25-30 times per minute and the blood level in the left atrium was kept higher than that of the mitral valve during the closure of the ASD. The follow-up schedule of the two groups was similar. After discharge, clinical data and colour Doppler echocardiography were evaluated after 1 month, 6 months and yearly thereafter, and special regard was given to the cosmetic results of the scar. Each patient or their parents in both groups completed a selfdesigned questionnaire, which included only three simple questions, used to investigate the satisfaction with cosmetic results.
Variables
The following variables were calculated: operating time (skin-toskin); CPB and aortic cross-clamp time; ventilation time; intensive care unit (ICU) stay; drainage; duration of postoperative hospitalization; postoperative complications, mortality and satisfaction with the cosmetic results.
Statistical analysis
All data were analysed using SPSS software (version 10.01). Continuous variables were expressed as mean ± SD when the distribution was normal, and the median and P25-P75-percentiles for variables that were not normally distributed. Categorical variables were expressed as absolute values and proportions. A paired samples t-test was used to compare continuous variables with a normal distribution between RVAI and MSI groups, and if the continuous variables or the differences did not conform to the normal distribution, a two-related samples Wilcoxon signed-ranks test was used. A Pearson χ 2 or continuity correction test was used to assess differences in the categorical variables between the two groups when appropriate. All tests were two-sided and a probability level <0.05 was used as a criterion of significance.
RESULTS
Baseline data
The baseline data of the patients are shown in Table 2 , and no statistically significant differences were found between the two groups. The median age was 5.8 years (range from 0.8 to 34.9 years) in the RVAI group and 5.7 years (range from 1.5 to 33.7 years) in the MSI one, respectively, and each group had 45 patients (86.5%) under the age of 16. There were 22 male and 30 female patients, and the seven patients who were ≥16 years were all females in each group. The mean preoperative haemoglobin was 124 ± 10 g/l (range from 104 to 154 g/l) in the RASI group and 122 ± 10 g/l (range from 93 to 142 g/l) in the MSI one, respectively. Before surgery, seven patients in the RVAI group and six patients in the MSI group had incomplete right bundle branch block and two patients in the RVAI group had left anterior fascicular block in the electrocardiogram. The mean diameters of the ASD and VSD were 2.3 ± 0.9 cm (range from 0.6 to 4.0 cm) and 0.7 ± 0.4 cm (range from 0.4 to 1.8 cm) in the RVAI group, and 2.4 ± 1.0 cm (range from 0.5 to 4.2 cm) and 0.9 ± 0.5 cm (range from 0.3 to 2.1 cm) in the MSI group, respectively.
Perioperative assessment
No patients needed to convert to another approach in the RVAI group. There was no early or late death, and no ICU or hospital readmission in either group. Postoperative echocardiography demonstrated no significant residual defects in patients of both groups. The length of the skin incision was 4-11 cm in the RVAI group, whereas it was 8-20 cm in the MSI one.
The intraoperative and postoperative results of both groups are listed in Table 3 . The median CPB, aortic cross-clamp time and mean operating time (skin-to-skin) of the patients in the RVAI group and in the MSI group were 42 min (range 20-95 min) vs 46 min (range 20-106 min) (P = 0.725) ; 22 min (range 0-62 min) vs 24 min (range 0-68 min) (P = 0.897); and 147 ± 21 min (range 100-190 min) and 174 ± 35 min (range 120-270 min) (P < 0.001), respectively.
There were no significant differences in ventilation time, ICU stay, postoperative hospital stay or postoperative drainage between the two groups. The median ventilation time, ICU stay and postoperative hospital stay in the RASI group are 280 min (range from 72 to 1020 min), 38 h (range from 14 to 111 h) and 7 days (range from 5 to 13 days), and in the MSI group, they are 270 min (range from 60 to 2805 min), 41 h (range from 14 to 87 h) and 7 days (range from 5 to 18 days), respectively. The median postoperative drainage of both groups was 9 ml/kg (range 1-16 ml/kg in RASI, 3-27 ml/kg in MSI). In six patients (four in RVAI and two in MSI), sinus rhythm returned by defibrillation, and the rest of the patients returned to sinus rhythm spontaneously.
Postoperative complications
In the RASI group, nine patients developed mild pleural effusion on the right side which did not need extra treatment, and were discharged on the 6-10th postoperative day. One patient developed moderate pleural effusion with pulmonary atelectasis on the right side, which was treated by thoracentesis, blowing up balloons, chest physiotherapy and were discharged on the 6th postoperative day. Two patients had complications with pneumonia on the right side, which were treated appropriately, and they were discharged on the 11th and 12th postoperative day, respectively. In the MSI group, one patient had complications with mild pleural effusion with pulmonary atelectasis on the right side, one patient with wound infection, and one patient with third-degree atrioventricular block. After active treatment, they were discharged on the 10, 18 and 14th postoperative day, respectively.
Cosmetic results
The follow-up ranged from 6 to 97 months (median 44 months). No asymmetrical development of the breast, thoracic deformity or scoliosis has been found. All the patients or the parents of young children (100%) in the RVAI group were satisfied with the cosmetic results, whereas in the MSI group, there were 34 patients or the parents of young children (65.4%) who were satisfied (P < 0.001) (Figs 1 and 2, Table 3 ).
DISCUSSION
Median sternotomy has been the standard approach used to correct non-complex congenital heart defects with excellent effects [1] . However, deep sternal wound infection, which contributes to significant morbidity, mortality and increased medical cost, is a rare but worrisome complication with this approach and remains a major challenge to cardiac surgeons [9, 10] . Besides, it is much more important that the mid-sternotomy scar is a timeless reminder of a 'heart disease' for the patients and may evoke psychological distress [2] .
It is beyond all doubt that the cosmetic result was crucial for the patients who underwent closure of simple congenital heart defects. Non-surgical percutaneous transcatheter closure of simple congenital heart defects has been used for more than 20 years and has been performed with excellent cosmetic results [11] . However, its safety still remains in debates because it might induce significant complications such as device malposition, thrombosis, embolization, arrhythmias, cardiac perforation, haemopericardium with tamponade, significant residual shunt, atrial and/or aortic injury or erosion [12] [13] [14] . Some of them require surgical treatment, which would lead to greater operative mortality than that of primary surgical ASD closure [14] . Both right anterolateral minithoractomy and partial sternotomy can prevent femoral cannulation and be performed with acceptable clinical results. But the former might induce thoracic deformity or asymmetrical development of the breast [15] , and the latter is not popular because of the midline scar, which would prevent some children from going swimming for fear of others' stares and sympathy [1] . There were several advantages with the RAVI approach. First of all, the cosmetic result was excellent. The vertical incision of RAVI located on the right midaxillary line was small and inconspicuous (Figs 1 and 2) . During the follow-up, all patients in the RVAI group but 65.4% patients in the MSI group were satisfied with the cosmetic results (P < 0.001), and no asymmetrical development of the breast, thoracic deformity or scoliosis has been found. It is worth noting that all the patients or the parents of young children in the MSI group told us that if they had a chance to choose again, they would rather choose the RVAI approach. Furthermore, the surgical route through the fourth intercostal space and appropriate pericardial suspension provide enough exposure to the ascending aorta, both venae cavae and the operating field of closure of the ASD or VSD through a right atriotomy. With neither operative nor late mortality, and neither ICU nor hospital readmission in the RVAI group, no patient needed to convert to another approach, no case has developed wound infection, and no significant residual defects were found during follow-up. The RVAI procedure did not increase the consuming time for CPB, aortic cross-clamp and hospital stay. The operating time was shorter than through median sternotomy (P < 0.001). This might be attributed to not splitting the sternum, resulting in less bleeding and the shorter period of haemostasis, and simpler thorax opening and closing. Besides, the RVAI procedure did not need femoral cannulation and could prevent femoral artery stenosis in the future, and it not require any specialized or expensive equipment.
It was worth emphasizing that the safety of the RVAI procedure was based on experienced cardiac surgeons, successful cannulation, smooth CPB, effectual myocardial preservation and choosing suitable cases. In this study, all VSDs were perimembraneous. Due to poor exposure of the operating field with the RVAI approach, subpulmonic ventricular septal defects and muscular ventricular septal defects were still repaired with median sternotomy in our centre. The weight of the patients in the RVAI group ranged from 9.0 to 63.0 kg. Although all the patients were satisfied with the cosmetic results, the RVAI approach was more suitable for the patients with a body weight <30 kg according to our experience, and was not suitable for the patients with body mass index ≥30 kg/m 2 [16] . Because of the deeper thoracic cavity, the exposure of the operating field would be poorer.
Complications included pneumonia on the right side requiring medical treatment in two patients, and moderate pleural effusion with pulmonary atelectasis on the right side requiring thoracentesis in another patient. Although all three patients were cured and discharged, we should take particular care of the right pleural drain and the right lung of the patients after the RVAI procedure.
Although our study was not a randomized trial, we conducted a case matched-pair analysis, which could minimize the selection bias and the influence of several confounding factors on outcomes [17] . The confounding factors matching the two groups were the type of heart defect, body weight, patching and the same year of surgery.
Our study may have potential limitations. As an observational retrospective study and a single-institution survey, it needs to be confirmed by expanding the sample and multicenter trials. In addition, the lack of data about the level of pain was another limitation.
CONCLUSION
The RVAI surgical procedure for simple congenital heart defects is a safe procedure with excellent cosmetic and clinical results, conferring psychological and social satisfaction upon patients. It is a good alternative to standard median sternotomy for simple congenital heart defects.
Keywords: Minimally invasive cardiac surgery • Right vertical infra-axillary mini-incision • Congenital heart diseases The axillary area presents interesting characteristics. The skin is extremely mobile and stretchable, the thoracic wall is practically muscle free, it is away from the breast gland and an adducted arm hides it. These factors, because of their cosmetic potential, undoubtedly make this area attractive for a surgical access to the heart.
Yan et al. [1] have used this route not only to close the classical secundum type of atrial septal defects, but also, like us [2] , to repair more complex defects such as partial atrioventricular canals, perimembranous ventricular septal defects (VSDs) and partial abnormal pulmonary venous returns. We also use a mirror incision on the left side to implant epicardial pacemaker electrodes on the left atrial appendage and on the left ventricle [3] .
Even if the results, as reported in the present study, are similar to those obtained by a conventional sternotomy, one has to concede that the exposure makes the repair more difficult and the manipulation of the surgical instruments more demanding. We commonly stratify the difficulty of a cardiac operation within a scale of five or six classes [4] . This approach sets any operation in a higher level of difficulty, usually by an increment of one class-if not two classes. Not surprisingly, in Yan's paper, the procedure was performed exclusively by experienced surgeons and not by trainees.
Obviously, our primary concern is aimed at the benefit of our patients. To provide a cosmetically superior incision with the same quality of cardiac repair is indisputably a step forward [5] . This enthusiastic view must, however, be tempered. First, the deliberate increase of the difficulty of any operation, even if this degree remains low in good hands, will fatally result in an excess-probably considered as anecdotal, but still an excess-of residual defects or complications. This part of the problem will never be fully appreciated by our scientific analysis, even with the use of large meta-analyses of literature reports, because a negative outcome in what is considered a trivial operation is unlikely to ever be reported. Secondly, what can be good for our patients can be bad for our residents and our education programmes. The training of a cardiac surgeon requires the performance of operations with progressive degrees of difficulties. The amputation from their curriculum of the easiest operations (either graded in a higher category or performed by senior members) will confront junior surgeons directly with technically challenging operations, and will possibly result in an increased morbidity-but in another group of patients. This seems similar to sending an apprentice diver for an acrobatic dive directly up the 5-or 10-m platform when he has hardly had a chance to try it out on the 1-or 3-m springboard. The intensity of the splash created by the entry to the water (for us, the surgical stress and morbidity inflicted on the patient) is prone to be markedly high
